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Abstract— The paper presents the application of Telemac2D 
modelling 72h real-time of the design flood wave within a 40km 
river reach. Five reservoirs and flood plains up to 6km width 
are fully implemented in the geometry. The used meshes have 
an average edge length of 2-10m or 1.8 – 4.9 Mill elements 
within the whole domain. Time steps of 0.025-0.1s were used 
due to the full numerical modelling of the weir structure. The 
Elder model and the mixing length model were used for 
turbulence modelling. The application was contributed by a 
scientific project at the Vienna Science Cluster up to 128 core 
parallelized computation. 
The focus of the numerical investigation was i) the simulation 
of the steady and unsteady water levels and flow velocities in 
the river and on the flood plains, and ii) the risk analysis of the 
overtopped embankment dams. Several scenarios with 
artificial breaches in the embankment dams were simulated 
and the effect of the breaches analysed. 
I. INTRODUCTION 
Climate change affects the hydrological scheme of a river 
and - in order to rate discharges for flood protection - the 
Austrian province of Styria and the country of Slovenia 
decided to harmonize hydrological parameters along the Mur 
river. This leads to higher flood design values from Graz to 
the Slovenian boarder. As a consequence of higher design 
values, the safeness of embankment dams of this run-off river 
plant influenced river reach was no longer proved.  
A simply increase of dam height would be the solution, 
but in last consequence, an elimination of flood plains leads 
to a downstream shift of flood wave propagation as well as 
higher discharge peaks. Therefore, preservation of designated 
flood plains as well as increasing flood wave propagation 
within the river reach is a must have for downstream urban 
areas. VERBUND Hydro Power, which is the operator of the 
hydro power plants (HPP) between Graz and the Slovenian 
border, decided to investigate the feasibility of conservation 
of overtopped embankment dams.  
Due to the complexity of hydraulic exchanges between 
river and flood plains, TELEMAC was used to investigate 
the hydraulic conditions during flood wave, hydraulic 
parameters at the overtopped embankments as basis for 
structural safety measures of dams (small scale), and as a tool 
for confirmation of measures in large scale.  
Additionally, reservoir sedimentation management 
measures were not permitted since the start of operation of 
the HPPs. The water level was kept at maximum operation 
level all the time, sediment particles settled in the reservoir. 
In further consequence the reservoirs have been “filling up”. 
Due to the relatively small reservoirs and low water depth in 
Alpine run-off river and diversion plants a large part of the 
suspended sediments is transported through the reservoir and 
the deposition of bed load fractions at the head of the 
reservoir is the main problem. A flushing strategy has thus 
been worked out and is currently permitted to solve this 
problem. 
The focus of the project lies on the safety of the 
embankment dams against erosion caused by overtopping or 
seepage. The flood protection of urban areas in the flood 
plains is in the responsibility of the local authorities and thus 
not part of this project. Nevertheless, a general outlines of the 
possible flood protection for the communities in the flood 
plains have been carried out. 
II. PROJECT AREA  AND BACKGROUND 
A.  Project Area 
The project area is a chain of five run-off-river hydro 
power plants (HPP) at the lower Mur in Styria, Austria 
(Fig. 1). Due to the flat landscape the leading embankment 
dams of the hydro power plant are up to 4 m high. This 
contribution focuses on the overtopping problems at the HPP 
Obervogau and the HPP Spielfeld. 
The inflow data for the river Mur is shown in Tab. 1, the 
tributaries create the difference between inlet and outlet flow 
rate. 
TABLE 1. HYDROLOGICAL CONDITIONS IN THE PROJECT AREA 
Hydrology project area 
Flow condition Inlet [m3/s] Outlet [m3/s] 
mean discharge 125.5 144 
1-year flood 460 710 
10-year flood 800 1200 
30-year flood 1050 1460 
100-year flood 1400 1750 
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B. Background of the Flood Problems 
The HPP were designed and constructed in the 1950s to 
1980s. At this time, the state of the art of HPP design 
included a manual backwater calculation, in the best case a 
HEC2 calculation of the water levels in the reservoir 
including the design flood events but neglect water exchange 
capabilities in the river-flood plain interaction. Due to less or 
inexistent water level gaugings at that time, hydraulic 
calculations were based on experience of experts. However, 
the low roughness values used back then give rather low 
water levels in the calculations. Since then, the used 
roughness values have been increased due to sediment 
transport, bed forms, and roughness of the geometry. This 
leads to higher water levels compared to the second half of 
last century. 
Due to the rapid development of computational fluid 
dynamics (CFD), the increased computer power and the 
availability of clusters and parallel processing, the state-of-
the-art in numerical modelling has changed completely in 
fields of hydraulics in the last decades. Nowadays, state of 
the arte 2d-models with accurate calibration data are used to 
model river reaches.  
The lower Mur river in the province of Styria is next to 
the border to Slovenia. In this river Section, the design values 
for the flood events (30-year flood, 100-year flood, 300-year 
flood) were lower than in Slovenia, which led to flood 
problems in Styria, because the Slovenian embankment dams 
were higher. In the early 2000’s, the governments of Styria 
and Slovenia harmonized the design flood values. This 
harmonization resulted in higher design flood values in the 
Austrian part of the Mur river. Together with no implemented 
reservoir sedimentation management in the last decades, this 
harmonization cause problems of the possible erosion of 
overtopped embankment dams and leads to a flood protection 
problem for the surrounding areas in the case of design 
floods. 
III. OUTLINE OF THE PROJECT 
The two main parts of the project were the modelling of 
the flood waves and the dam break scenarios. 
A. Design Flood Scenarios 
Basically two types of design flood scenarios were 
carried out:  
 Steady scenario: Simulation of the design flood 
values until steady state, which is usually used in 
Austria to map the flood extent in terms of the Flood 
Directive 2007/60/EC 
 Unsteady scenarios: Simulation of the design flood 
waves using the flood waves shown in Fig. 2 to 
indicate the flow path and the linking of the retention 
basins 
The water levels and flow velocities at the air face of the 
embankment dams are important for the stability analysis of 
the dams. The complexity of hydraulic exchanges between 
river and flood plains is part of this analysis. Alternating 
water levels on both sides of the dams at different time steps 
of the flood have to been taken into account to analyse dam 
stress conditions. 
 
Figure 1. Project area at the river Mur including five run-off river hydro 
power plants in Styria, Austria 
B. Dam Break Scenarios 
The embankment dams are earth-fill dams mostly without 
special waterproofing measures, but their stress and piping 
stability is confirmed. The embankment dams of the 
reservoirs in the project area are not designed for any 
overtopping event, because the design flood values (100-year 
flood) have been increased since the start of power plant 
operation. The embankment dams are constructed as earth-
fill dams. Overtopping events can lead to the erosion of the 
embankment dams. A dam break scenario analysis for the 
embankment dams was thus performed based on the results 
of the design flood  
Several different dam break scenarios have been 
modelled and analysed. The scenarios can be divided into 
two groups: 
 Small breach scenarios: Dam breach of 15-20 m in a 
section of the embankment dam, where overtopping 
starts (Fig. 4). 
 Large breach scenarios: Dam breach over the whole 
overtopping section of the embankment dam, where 
overtopping starts. In these scenarios the breach 
length is between 0.9 – 1.2 km. 
The breach depths are in both scenario groups approx.2/3 
of the total dam height based on the embankment dam width 
and the water depths above dam crest. 
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IV. NUMERICAL MODELLING 
A. Design Flood Scenarios 
The paper presents the application of Telemac2D 
modelling 72h of the HQ30 and HQ100 flood waves in a 
40km river reach with five reservoirs (weirs fully 
implemented in the geometry) and flood plain with up to 
6km. Different meshes were used i) to ensure mesh 
independency and ii) to analyse flow processes in detail. For 
the analysis of the mesh independency analysis basically 
three smaller meshes (river Mur and smaller floodplain) were 
analysed (0.5; 2.0;8.0 Mill nodes). The results of the meshes 
showed no significant differences. For the flow analysis, the 
refinement of the mesh in the overtopping areas was 
necessary, also to prevent numerical piping.  
The selected meshes have average edge lengths of 2-10m 
and 1.8 – 4.9 Mill elements. The edge lengths in the mesh is 
smaller in the river, in overtopping areas and next to urban 
areas than in the woods and meadows of the floodplains. The 
chosen time steps were rather low (0.025-0.5s) caused by the 
full geometrical implementation of the weirs in the mesh and 
the high flow velocities at the weirs. The turbulence was 
modelled using the Elder model and the depth-averaged 
mixing length model [2]. 
Why was the whole mesh used in the calculations and not 
split up? The most important reasons are: Due to the large 
flood plains, it was not straight forward to ensure a clear 
inflow and outflow sections. To avoid multiple 
interconnected inflow and/or outflow conditions especially 
for the unsteady simulations, the mesh was cut into two clear 
sections were the inflow and the outflow could be defined 
clearly. Additionally, we were not sure about the 
interconnection of the flood plains. We decided better to 
model the whole domain than to miss some relevant flow 
path or modify the unsteady flood wave by using wrong 
outflow conditions. 
 
Figure 2. 30-year and 100-year flood wave at different sites in the project 
area 
 
 
Figure 3. Detail of the mesh next to the reservoir of the HPP Obervogau 
The simulations were mainly performed at the HPC 
cluster VSC3 in Vienna using 32 – 128 cores. The total used 
computation time for the calibration and validation of the 
model and the modelling of different bed levels and 
embankment dams are about 50.000 CPUh.  
 
In the project area, there are three rivers feeding the river 
Mur: The river Kainach upstream of the reservoir Lebring, 
the river Stiefing downstream of the HPP of Gabersdorf and 
the river Sulm downstream of the HPP Obervogau. These 
rivers were fully implemented in the model within the 
floodplain area of the river Mur. The used flood waves are 
shown in Fig. 2. E.g., the simulation of the 100-year flood 
wave starts with a discharge of 650m3/s upstream of the 
reservoir Lebring and including the three feeding rivers 
700m3/s at the outlet. A hotstart file was thus created to cut 
the first 50h of the flood wave, where no overtopping takes 
place. In total 72h of the flood wave were modelled, which 
reflects the peak of the flood wave between 50h and 122h in 
Fig. 2. 
The mesh includes all geometrical relevant parts of the 
river bed and the flood plains, including over 14.000 
buildings, highways, roads, culverts, and water bodies 
(ditches, etc.). A part of the mesh is shown in Fig. 3. 
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The calibration of the whole domain was done using the 
data of three gauges and the measured downstream water 
levels of the HPPs, which are located in the project area. The 
discharge-water level curves showed that the Elder model 
and the mixing length model gave the best results using 
constant roughness values over time. The used roughness 
values (Strickler) in the river bed were between 35 and 
38m1/3/s. 
B. Dam Break Scenarios 
All dam break scenarios based on the design flood 
scenarios and the same numerical parameters were used. 
The dam break scenarios were also modelled with 
Telemac2D without any sediment transport module like 
Sisyphe, because the focus lied on the difference in water 
depth and flooded areas in the retention areas and not on the 
erosion process like in other studies (e.g., [1]). Due to the 
small dam heights compared with other dam break studies 
the wave height generated by the dam break would be very 
small. The simulations was thus running until overtopping in 
the defined section took place and after overtopping the 
simulations was stopped. Then the dam break was 
implemented in the geometry and the simulation contained 
(Fig. 4). 
The breach width (small or large), the erosion time (Δt=0) 
and the breach depth (approx.2/3 of the total dam height) was 
fixed in the study, other dam breach parameters and their 
uncertainties, which are discussed in several studies (e.g., 
[3]) had been skipped. The water depth and the flooded area 
shortly after the dam break is thus a worst case scenario. 
However, the overtopping in the different retention basins 
takes place between hour 55 to hour 65 of the flood wave. 
The peak of the flood wave is between hour 90 to 92, 
depending on the river section. The wave effect of the dam 
break is thus smoothed out due to the massive flooding of the 
areas after. 
 
Figure 4. Example of a small breach scenario (section R3) 
V. RESULTS 
The first part of the analysis focused on the water depth 
and the flow velocities in the project area. In the next step, 
the overtopping sections were analysed and then the dam 
break scenarios created. 
A. Design Flood Scenarios 
The results of the design flood scenario of the 100-year 
flood show massive water depths in urban areas forms by the 
highway and roads together with the natural steps in the 
landscape. Retention basins are thus activated, which are 
filled up to 3 m with water depths after the overtopping of the 
embankment dams. There are also partly high flow velocities 
at the air face of the embankment dams and next to culverts 
or bridges (see Fig. 8 and Fig. 9). 
As presented in Fig. 8 in all retention basins water depth 
with more than 2 m can be found. In the retention basins R3, 
R4, R6 next to HPP Spielfeld and R7 water depths reaches 
more than 3 m. Fig. 8 show the flow velocities. The flow 
velocities in the flood plains are usually lower than 1 m/s. 
However, in areas next to culverts, bearings of bridges or on 
road dams, the velocities can reach 2 to 3 m/s. 
The flow path of the overtopping water are analysed 
using the unsteady flow calculations. The interlinkage of the 
natural retention basins is very important to understand the 
filling process and to find the “worst case scenarios” for 
different parts of the modelled river sections. 
For the systematic analysis of the flood plains, the river 
domain in this area was classified into seven retention basins 
with different inflow and outflow characteristics as well as 
varying dam heights and urbanised areas. The retention 
basins are filled up after the overtopping of the embankment 
dams. The overtopping heights and the length of the 
overtopping sections vary over time. 
In the project area several embankment dams are 
overtopped in case of floods. The water depths above dam 
crest are up to 1.2 m. A magenta solid line indicates the 
overtopped or bank full embankment dam sections in Fig. 8. 
The embankment dam sections can be roughly classified 
using the overtopping heights and the height of the 
embankment dam: 
 low embankment dam height (<1.5 m), high 
overtopping (>0.5m); e.g. in retention basin R1, R7, 
R6 downstream of HPP Obervogau 
 medium embankment dam height (1.5 m<h<3 m), 
medium overtopping (>0.3m); e.g. in retention basin 
R2, R3, R4, R6 upstream of HPP Spielfeld 
 high embankment dam height (>3 m), moderate 
overtopping (<0.3m); e.g. in retention basin R5 and 
R6 upstream of HPP Obervogau 
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Figure 5. Flow conditions in R3 shortly after start of overtopping – the 
upstream part of the embankment dams are overtopped and the retention 
basin R3 is filled up 
As stated before, in some embankment dam sections the 
flow conditions vary over time. As an example, this is shown 
in retention basin R3 (R3). Fig. 5 presents the flow 
conditions in R3 shortly after the beginning of overtopping. 
The upstream parts of the embankment dams are 
overtopped and R3 is filled up. When R3 is filled up 
completely, the water is flowing back into the river over the 
downstream embankment dams in R3 as shown in Fig. 6. 
Now the whole embankment dam section is overtopped; in 
the upstream part the water flows from the river in the 
retention basin and in the downstream part the water forced 
to flow from the retention basin back in the river due to a 
terrace in the natural terrain. 
B. Dam Break Scenarios 
The dam break scenarios showed that even a small breach 
may cause a significant change in the water depth in the 
flood plains up to 1.0 m.  
The differences in water depths due to a small breach in 
the embankment dam section of retention basin R2 are shown 
in Fig. 7. The water depths are increasing in R2 next to the 
dam breach. The breach is also lowering the water level in 
the river itself and in the retention areas downstream of the 
breach. The small breach causes additional water depths of 
0.15 – 0.5 m in case of a 100-year flood. The water depths 
without breach are between 0.5 -2.0 m in this R2. The 
embankment dams in sensitive areas will thus be protected 
against erosion in case of overtopping. 
 
Figure 6. Flow conditions in R3 when reaching the top of the 100-year 
flood wave – the upstream part of the embankment dams are still 
overtopped, the retention basin R3 is completely filled up and the water is 
flowing back in the river over the downstream embankment dams in R3 
 
Figure 7. Differences in water depths due to a small breach in the 
embankment dam in Section R2 
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VI. CONCLUSIONS 
In the project, Telemac2D was used to model the steady 
and unsteady design flood scenarios and dam break 
scenarios. The design flood scenarios were used to analyse 
the water depths and the flow velocities in the flood plains 
and on the air face of the embankment dams. Several section 
were found where the embankment dams are overtopped or 
bank full filled in case of the design flood events (30-year 
flood and 100-year flood). 
Based on these results, different dam break scenarios 
have been analysed to quantify the impact of a dam break. 
The modelled dam breaks showed that even a small breach in 
the dam may cause significant changes in water depth.  
The presented investigations and results are the basis data 
for the further design of erosion protection measures and 
training of embankment dams in this river reach. 
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Figure 8. Water depths at the 100-year flood in the lower part of the project area; the retention basins are numered from R1- to R7 
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Figure 9. Flow velocities at the 100-year flood in the lower part of the project area; the retention basins are numered from R1- to R7. The overtopped or 
bankfull embankment dam sections are marked with a magenta solid line. 
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